Abstract: An efficient and straightforward approach toward functionalized allylic amines and ethers is disclosed starting from tetraethyl (3-bromoprop-1-ene-1,2-diyl)bisphosphonate (E)-1 and secondary and tertiary amines. The coupling reaction of allyl bromide (E)-1 with less bulky secondary amines provides a new family of allylamines 3, while, its reaction with more bulky secondary and tertiary amines, in methanol at reflux, led to functional allyl ethers 4 and 5.
Introduction
Heteroatom-containing compounds are important synthetic targets of interest in organic and medicinal chemistry 1−8 . This is mainly because they are useful intermediates for the synthesis of biologically naturally occurring products 9 , antibiotics 10 , chiral auxiliaries 11 and β-amino alcohols 12 . Despite, the different methodologies discovered for the synthesis of carbon-heteroatom bonds formation reactions, much of them have many constraints such as harsh reaction conditions, high cost of reagents and long reaction times. Among these various potentialities, the addition of an amine to an unsaturated C-C bond provides an excellent route for the formation of carbon-heteroatom bond. Following this protocol, our research group has been actively working on the synthesis of new compounds containing C-N and C-O bonds 13 . In pursuit of our studies, the present paper reports an efficient protocol for the synthesis of novel functionalized allylamines 3, allyl ethers 4 and 5 through the reaction of tetraethyl (prop-2-ene-1,2-diyl)bisphosphonate (E)-1 with secondary and tertiary amines ( Figure 1 ). 
Results and Discussion
In our recent work, we have developed a simple and convenient synthesis of tetraethyl (3-bromoprop-1-ene-1,2-diyl)bisphosphonate (E)-1 14 via a tandem reaction of bromination-dehydrobromination of tetraethyl (prop-2-ene-1,2-diyl)bisphosphonate in the presence of DBU in acetonitrile at room temperature (Scheme 1).
Scheme 1. Synthesis of the mixture of allyl and vinyl bromides
In a recent work 14 devoted to the study of the reactivity of allyl bromide (E)-1 with various primary amines in methanol at 0 °C, we have shown that the coupling reaction follows an additionelimination or S N 2' process to provide a new family of functionalized allyl amines 3 with good yields (Scheme 2). Allylamines and their derivatives have proven to be valuable synthons in organic chemistry 15 as they are found in a range of natural products such as gabaculine 16 , ocyzosymicine 17 and cytosinine 18 and serve as precursors to a large number of pharmaceutically and biologically active compounds which display a variety of pharmacological properties including anti-convulsant 19 , antiinflammatory 20 and anti-tumor agents 21 .
Scheme 2. Synthesis of tetraethyl (1-(alkylamino)prop-2-ene-1,2-diyl)bisphosphonates
This interesting result prompted us to study the behavior of allyl bromide (E)-1 towards a series of secondary and tertiary amines. We started our investigation using excess amounts of less bulky secondary amines (2 equiv.) in methanol at room temperature. Thus, their coupling reaction with allyl bromide (E)-1 afforded a new family of allylamines 3a-c via an expected S N 2' substitution in good yields ranging from 82 to 87% (Scheme 3, Table 1 ). * Yields refer to the pure isolated products characterized by 1 H, 13 C NMR.
Scheme 3. Preparation of functionalized allylamines 3a-c
In contrast, with more bulky secondary amines such as diisopropylamine, dicyclohexylamine and diphenylamine in refluxing methanol, the reaction led to unexpected methoxy allylether (E)-4, resulting from an unpredictable successive S N 2'-S N 2' reactions (Scheme 4). The results are gathered in Table 2 . Mechanistically, the formation of allyl ether (E)-4 can be achieved from the brominated derivative (E)-1 through successive S N 2'-type reaction with bulky secondary amines. First, secondary amine played the role of co-nucleophile in a direct nucleophilic substitution of allyl bromide (E)-1 to give the corresponding quaternary ammonium salt. Then, this intermediate undergoes a second S N 2' reaction with methanol which plays a dual role as reactant and as solvent (Scheme 5).
Scheme 5. Plausible mechanism for the formation of allyl ether (E)-4
The structure of 4 was established on the basis of its 1 H and 13 C NMR spectra and by heteronuclear multiple bond correlation (HMBC). The (E)-stereochemistry was assigned on the basis of NOESY spectra that show no correlation between the ethylenic proton (6.71 ppm) and those of group CH 2 OMe (δ = 4.49 ppm). This result indicates that the vinylic proton and the CH 2 group are on opposite sides of the double bond and therefore, the alkene in 4 is (E) configuration. The obtained result may be explained by the steric factor of secondary amines. The results of the electrophilic behavior of allyl bromide (E)-1 towards different more bulky and less bulky secondary amines are summarized in Scheme 6.
Scheme 6. Regioselective substitution of allyl bromide (E)-1 with some secondary amines
The diversity of previous results obtained with less or more bulky secondary amines prompted us to try other more hindered nitrogen nucleophiles such as tertiary amines (triethylamine, ethyl diisopropyl-amine and triethanolamine). Surprisingly, it appears that the size of these amines strongly influences their reaction course with allyl bromide (E)-1, while the coupling is only possible in refluxing methanol to yield a representative of secondary methoxy allyl ether: tetraethyl (1-methoxyprop-2-ene-1,2-diyl) bisphosphonate 5 in moderate to good yields (Scheme 7, Table 3 ).
Scheme 7.
Synthesis of tetraethyl (1-methoxyprop-2-ene-1,2-diyl)bisphosphonate 5 The plausible mechanism which illustrates the synthesis of secondary methoxy allyl ether 5 is depicted in Scheme 8. The reaction consisted of a two-step sequence: substitution S N 2-type reaction of (E)-1 with tertiary amines followed an easy displacement of the resulting quaternary ammonium by methanol in a clean S N 2' reaction to provide the expected product 5. Taking into account of the limited methanol nucleophilicity, the substitution of allyl bromide (E)-1 with this solvent is very slow and inefficient even at reflux. The use of more hindered secondary and tertiary amines as conucleophilic nitrogen reagents is to provide a quaternary ammonium which can be easily displaced by the methanol. 
Conclusion
In conclusion, we have successfully developed an efficient and highly regio-and stereoselective synthesis of functionalized allyl amines 3 and allyl ethers 4 and 5 via an effective coupling reaction of allyl bromide (E)-1 with a variety of secondary and tertiary amines under mild conditions.
Experimental Section
Starting materials and solvents were used without further purification. 1 
General Procedure for the synthesis of tetraethyl1-(dialkylamino)prop-2-ene-1,2-diyl)bisphosphonates 3a-c
To a solution of tetraethyl (3-bromoprop-1-ene-1,2-diyl)bisphosphonate E-1 (0.2g, 0.5 mmol) diluted in 5 mL of absolute methanol was added dropwise secondary amine (2 mmol) diluted in 3 mL of methanol at 0 °C. The reaction mixture was stirred at room temperature. After stirring during the time indicated in Table 1 , the excess of the solvent was evaporated under reduced pressure and the crude product was purified by chromatography on silica gel (CH 2 Cl 2 -MeOH, 9.5-0.5). 
